Plankton size classes of <3 pm consisting largely of unicellular cyanobacteria accounted for 15 to 40% of the total primary production and generally represented <5% of the total phototrophic plankton biovolume in three South Carolina reservoirs.
Unicellular cyanobacteria (blue-green algae) (12) are not frequently reported in the results of floristic phytoplankton studies based on microscopic examinations. We suggest that in many, if not most, cases these omissions may be due to the unicellular cyanobacterial cells being inadvertently overlooked by investigators using conventional microscopic techniques. A light microscope equipped with high-quality optics is not always sufficient for distinguishing unicellular cyanobacterial cells from similar-sized particles of silt and detritus. Furthermore, differentiating these tiny cells (occasionally <1,um in diameter) from bacteria which lack chlorophyll often necessitates the use of an electron or fluorescence microscope.
The widespread occurrence of unicellular cyanobacteria in marine waters has recently been reported (15) . Johnson and Sieburth (6) have shown that unicellular cyanobacteria represent a significant portion of the microbial plankton biomass in the sea. Paerl and Mackenzie (9) found that unicellular planktonic organisms <3 jm in diameter were responsible for a significant percentage of the total primary production (36 to 65%) in Lake Taupo, New Zealand. Recent observations of algae and cyanobacteria with epifluorescence illumination at a variety of excitation wavelengths (17) showed that biliprotein-containing algae and cyanobacteria can be differentiated from other phototrophs through biliprotein-induced primary fluorescence. Primary fluorescence emission by cyanobacteria was significantly brighter with green excitation (-546 nm) than with blue-violet excitation (380 to 490 nm) whereas algae representing groups such as Chlorophyta, Bacillariophyta, and Chrysophyta displayed the brightest fluorescence emission when excited with blue-violet light. It was concluded that green light absorbed by phycobilin pigmnents resulted in substantially brighter fluorescence emission by cyanobacteria at that excitation wavelength. Increased fluorescence resulting from light absorbed by phycobilins has been well documented in studies of photosynthesis (4, 8) . We have subsequently microscopically examined water samples from 11 southeastern United States lakes, and in all cases we observed large numbers of unicellular organisms <3 ttm in diameter which demonstrated substantially brighter primary fluorescence when excited with light of ca. 546-nm wavelength compared with fluorescence when excited with light of 380-to 490-nm wavelengths. Because of the apparent biliprotein-induced fluorescence emission, the lack of flagella, and the lack of observable localization of photosynthetic pigment within distinct organelles, we strongly suspected that these unicellular organisms were cyanobacteria, although examination of the subcellular organization of these cells by electron microscopy would be necessary to confirm their identity. Inoculation of F/2 medium (5) made with sterile lake water with <2-,um filtrates of the water samples resulted in excellent growth of tiny autofluorescing cells. This further convinced us that viable cells, rather than fragments from larger algae or other aquatic plants, were being observed.
The principal objective of the present study was to estimate the relative contribution of the picoplankton (11) component to overall primary productivity. We have applied the term picoplankton in this study to photoautotrophs in the size range of 3.0 to 0.2 ,um in diameter. This size range has also been referred to as,iplankton and ultraplankton (16) . Nuclepore filters were used to size fractionate samples, since several inves-tigators (1, 2, 10) have shown that Nuclepore membrane filters act as sieves, whereas other membrane filters are intended to be filters rather than sieves and are unsuitable for these types of studies.
In situ primary production measurements were made at one site in Pond C, two sites in Par pond, and two sites in Clark Hill Lake. All three reservoirs are in the Savannah River drainage basin (Fig. 1) . Pond C and Par Pond are cooling reservoirs that periodically receive thermal effluent from a nuclear production re-CLARK HLL SAikos actor at the Savannah River Plant near Aiken, S.C. Clark Hill is an impoundment of the Savannah River approximately 40 miles upriver from the Savannah River Plant. Water samples were collected from a depth of 2 m, which had previously been shown to be near the depth of maximum primary productivity (7, 13) . Six-liter composite samples were collected with a 1.2-liter Plexiglas Kemmerer sampler (Wildco, Saginaw, Mich.). Four clear and two dark (wrapped in aluminum foil) 300-ml biological oxygen demand bottles were each inoculated with 10 t,Ci ( VOL. 41, 1981 of ['4C]NaHCO3 (New England Nuclear Corp., Boston, Mass.) and suspended at the 2-m collection depth by chains attached to a cylindrical buoy. Samples were incubated in situ from about 1000 to 1400 h, after which they were placed in the dark and transported to the laboratory, and analysis was begun within 1 h after sample collection. Subsamples (50 ml) from each bottle were filtered through Nuclepore membrane filters with pore sizes of 8, 5, 3 or 2, 1, and 0.4 um. Radioactivity in each sample was detennined with an LS-250 liquid scintillation spectrometer (Beckman Instruments, Inc., Fullerton, Calif.). Quench corrections were made by using external standardization. Rates of primary production for each size fraction were calculated after correcting for dark '4CO2 fixation (14) .
One-liter portions of the same water samples collected for the productivity experiments were immediately preserved with 2.5% (vol/vol) glutaraldehyde for subsequent algal and cyanobacterial identification, enumeration, and biovolume determinations. Settling chambers and a Zeiss inverted microscope containing an IV FL epifluorescence condenser with interchangeable filter sets as described by Wilde and Fliermans (17) were used for the examinations of duplicate aliquots from each sample. A minimum of 400 organisms were counted in each preparation, NOTES 1057 and each organism was categorized by size fraction on the basis of its largest dimension in any plane. Dimensions of at least 10 cells or filaments of each common species and all observed specimens of rare taxa were measured to obtain an average biovolume for each taxon in each sample by methods previously described (14) .
Samples were examined at x1,250 by using both phase-contrast and epifluorescence microscopy before and after filtration to assess the amount offragmentation ofchlorophyll-containing cells caused by filtering that could result in an underestimation of the primary production of larger phototrophs. These cursory analyses indicated that the densities of the small, autofluorescent cells assumed to be cyanobacteria did not differ substantially between filtered (<3-tim pore size) and unfiltered samples. Paerl and Mackenzie (9), using autoradiography, also concluded that cell damage from gentle Nuclepore filtration was extremely low. Autoradiographs of <3-pm filtrates from Lake Taupo revealed intact algal cells and virtually no "C-labeled cellular debris.
The relative percentages of primary production and biovolume for each of the size fractions are shown in Table 1 . Phase contrast and fluorescence microscopic examinations of <2-,pm filtrates from Pond C and Par Pond and <3-,um filtrates from Clark Hill Lake indicated that cyanobacteria were the dominant phototrophs in these cell fractions. Picoplankton generally made up about 1% of the total biovolume, except in the Pond C samples. The relative biovolume of picoplankton at this site was larger due to a lack of most other algae and cyanobacteria. Although picoplankton represented a rather small fraction of the total phototrophic plankton biovolume, the numerical abundance of picoplankton (Table 2) and their contribution to the total plankton primary productivity in the three lakes was always substantial. Picoplankton (<2-,um) fractions from Pond C and the Par Pond sample sites accounted for 16 to 33% of the primary production on the July sampling date when the ecosystem had been at ambient temperatures (.30°C) for 5 weeks. Measurements made in December, when the ecosystem was exposed to thermal effluent (-38°C in pond C), showed that the <3-,um fractions accounted for 30 to 40% of the total plankton primary production. It appears that some unicellular cyanobacteria can tolerate temperatures above the lethal maximum for most other phototrophic organisms in Pond C. The <3-,m fraction in Clark Hill Lake accounted for 15 and 19% of the total primary productivity at the two sample sites.
These data indicate that although picoplankton (mainly unicellular cyanobacteria) represent a small portion of the phototrophic plankton biovolume, they make a significant contribution to the primary production in these lakes. It is not obvious at this time whether the observed substantial productivity by the picoplankton fraction is significant in terms of the trophic structure of these ecosystems. It is possible that the observed midday production by picoplankton is lost through respiratory activity later in the photoperiod and at night, as Paerl and Mackenzie (9) observed in Lake Taupo. It is likely, however, that with their potentially rapid growth rate (3) and their potential as a zooplankton food source, these organisms represent an important and previously overlooked link in the food chain dynamics of many freshwater ecosystems.
